Abstract. We present a detailed study of the trispectrum of the curvature perturbation generated within a stable, well defined and predictive theory which comprises an inflationary phase. In this model the usual shift symmetry is enhanced up to the so-called Galileon symmetry. The appeal of this type of theories rests on being unitary and stable under quantum corrections. Furthermore, in the specific model under consideration here, these properties have been shown to approximately hold in realistic scenarios which account for curved spacetime and the coupling with gravity. In the literature, the analysis of the bispectrum of the curvature perturbation for this theory revealed non-Gaussian features which are shared by a number of inflationary models, including stable ones. It is therefore both timely and useful to investigate further and turn to observables such as the trispectrum. We find that, in a number of specific momenta configurations, the trispectrum shape-functions present strikingly different features as compared to, for example, the entire class of the so-called P (X, φ) inflationary models.
Introduction
The very recent release of the Planck mission data [1] [2] [3] [4] [5] [6] has been eagerly awaited because it does provide an improvement on the bounds we can place on fundamental cosmological observables such as non-Gaussianities [7] . The value of the bispectrum amplitude f N L and, in general, higher order correlators of curvature fluctuations, provides an invaluable window on the physics of the early universe. Already the simplest standard single-field slow-roll scenario of inflation [8] has been spectacularly successful in solving a host of cosmological puzzles and it is in agreement with observations [3, 5] .
Quite naturally then, one wonders if the inflationary mechanism can be generated within UV finite theories such as string theory. This effort has culminated in [9] [10] [11] , a model which has been studied in great details, often within the realm of the so-called P (X, φ) models, in the literature [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] (for other interesting specific realizations and reviews see [28] [29] [30] [31] [32] [33] [34] [35] [36] ). This theory is unitary and stable under quantum corrections and is embedded in string theory. As to the observational side, at least the single field DBI model [9] , in the range in which it can be trusted, is dangerously close to be excluded by data [5] .
Recently in [37] , a compelling effective field theory model which accounts for an inflationary phase has been put forward, the so-called Galileon Inflation. We will discuss the properties that characterize this theory at great length in Section 2. The predictions extracted from this model at the level of non-Gaussianities amount so far to the calculation of the bispectrum of curvature perturbations [37] . The predicted parameter f N L is compatible with values that fit within the bounds provided by Planck data. On the shape-function side though, the momentum dependence of the three-point function reveals no peculiar or highly distinctive features which could be used as clear-cut signatures of this specific model. Indeed, there exist in the literature plenty of (mostly phenomenologically-oriented) models which share with the model of [37] a detectably large bispectrum which peaks in the equilateral configuration, see e.g. [13, 19, 20] .
One would like to retain the interesting stability feature of the Galileon inflation model and supplement the bispectrum analysis with the study of other observables in the hope to remove some of the degeneracy among inflationary models with similar predictions. It is therefore in this spirit that we present here a detailed analysis of the amplitude and shapefunction of the different contributions to the trispectrum. Alternatively, one might want to consider Galileon-inspired models [38, 39] which still possess to some degree the properties of the model under study here and offer more in the way of bispectrum signature as well as trispectrum ones.
There is some sort of "conservation of desirable features" one must deal with: the model we study here is compelling from a formal effective field theory perspective in that it qualitatively stands next to DBI inflation, at least in terms of stability. It is, perhaps, also the model more in need of a trispectrum analysis considering the fact that the bispectrum one did not reveal outstanding signatures. It is certainly worth mentioning that another attempt at preserving the typical features of Galileon theories and yet generate distinct prediction for the bispectrum was presented in [40, 41] . The models introduced there do indeed possess interesting features but the non-renormalization properties which we will briefly discuss and put at work in Section 2 no longer hold.
For the sake of the impatient reader, we summarize the main result of this work: performing the trispectrum analysis did pay back in terms of signatures. As compared with DBI inflation and more generic P (X, φ) models [25, 26] , the shape functions analysis shows novel features in our model for two of the four different momenta configurations analyzed. To mention just one of them, in the so-called equilateral configuration, the shape-function of a number of quartic interaction terms is markedly different from their P (X, φ) counterpart. The amplitudes are calculated and, considering the relative freedom in the coefficients which regulate the various interaction terms, it is no surprise that, where observational constraints are available, there is indeed room for a four-point function which fits within current experimental bounds [5, [42] [43] [44] .
The paper is organized as follows. In Section 2 we give an introduction to our set up: the Galileon inflation model of [37] . We go into some detail in order to explain what makes it interesting and in what aspects it differs from the prescriptions of [38] [39] [40] . In Section 3 we proceed to calculating non-Gaussian observables for our model: first we give a brief summary of the bispectrum study in the literature and then offer a thorough analysis of the trispectrum. We offer some comments on the results in the Conclusions. In the Appendices we give the analytical expressions for the various contributions to the trispectrum.
The Theory
On top of the shift symmetry, directly linked to the slow-rolling of the inflationary potential, Galileon theories are endowed, at least in flat space, with the symmetry on the scalar degree of freedom φ : φ → φ + c + b µ x µ where c, b µ are constant and x is the spacetime coordi-nate. It mimics the coordinate transformation between non-relativistic inertial frames, hence the name. Clearly, just about any term ∂∂.. φ with two or more derivatives is automatically Galilean invariant, at least in flat space. What we will employ here is a rather special (among other things, these terms give second order equation of motion) set of Galilean invariant terms. These are ubiquitous in the literature [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] and keep attracting considerable attention. The Galileon terms under consideration are a highly restricted number; in four space-time dimension there are five of them (generically there are D terms in D dimensions plus the tadpole):
The explicit expression for the L n is:
2)
.] stands for the trace operator and the c n are constants. Here we use the scalar field π to adhere to the notation of [46] , but could just as well have replaced π with φ . We discuss the flat space properties of this theory first, we then move on to clarify to what degree they hold in curved space.
Flat Theory Properties
-The theory has second-order equations of motion: this guarantees it is, by construction 1 , free of the Ostrogradski ghost [63, 64] . At the quantum level, this translates into having a theory which is unitary.
-The non-renormalization properties of Galileon theories guarantee that the coefficients of each term is not largely renormalized [37, 46] , they are protected by the symmetry, therefore one can focus on a finite, small number of interactions and deal with a theory which is predictive. The model in [40] represents an interesting generalization of the theory we study here but, whilst unitarity is preserved, the coefficients within the terms of their L n can receive large corrections from renormalization. The properties just discussed pertain to the flat space theory. In order to get to a realistic inflationary phase, several modifications need to be accounted for: inflation must end at some point and we therefore ought to break the exact shift symmetry; de Sitter (dS) space, and eventually quasi dS, must take over Minkowski space; the coupling to gravity. Let us see if and how these modifications affect the nature of the theory.
Towards Curved Spacetime and Gravity: the Route is Safe
In order for inflation to end we need to break the shift symmetry. Switching on a linear potential V (φ) = V 0 − λ 3 φ in dS space seems like the easiest way to do it. Interestingly, upon going to the following decoupling limit:
one quickly realizes that the shift symmetry is still exact and therefore any later breaking is accompanied by 1/M P l coefficients. The authors of [37] also show that in this limit the backgroundφ(t) is constant, a result which will be crucial in what follows 2 . So far, at least in the region (2.3), the shift symmetry is preserved. What about nonrenormalization properties? Recall that Galilean invariance was the key ingredient for the coefficients of the various L n not to be renormalized. One can prove [37] that, in addition to those terms, also a linear and quadratic (no further) piece in the potential, despite breaking the symmetries, do not receive large renormalization. Because of what we see in the decoupling limit then, we rest assured that inflation can end and renormalization does not render the theory unpredictive. At this stage, once again, we use the fact that a breaking due to the coupling with gravity is bound to have a Λ/M P l suppression 3 in front to infer that the theory remains manageable also in more realistic regimes.
The other property that needs discussing is classical stability; in other words we want to stay clear of Ostrogradski ghosts also in curved space. The work in [65] (see also [66, 67] ) does precisely what we need here: a covariantization procedure is spelled out that does guarantee second order equations of motion. The resulting action (besides the Einstein-Hilbert term and the potential) includes:
Note that this is not the result of the most intuitive, straightforward (∂ → ∇) covariantization procedure, the latter would have left us with a theory plagued by ghosts [65] . The constants c 2 , c 3 , c 4 and c 5 are model parameters and one of them can be set to one by a redefinition of the scalar field.
The Interesting Regime
By considering Eq. (2.4) at the background level in the decoupling limit of (2.3), one finds [37] : 5) which, upon defining Z ≡ Hφ 0 /Λ 3 , can be written as:
Interesting information can already be extracted at this level. Using the fact thatφ 0 = 0 in this limit, as mentioned before, one realizes that the dynamics ofφ can occur in two different regimes. According to the value of Z, the theory is in a weakly coupled regime (Z ≪ 1), where the theory approaches the canonical inflation model, or a regime (Z 1) where the c n coefficients (with n ≥ 3, that is, the Galileon interactions) are increasingly important.
It is easy to show [37] at this point that for Z 1 the main contribution to the fluctuations comes from the non-linearities represented by the Galileon terms and therefore the metric fluctuations can be disregarded. As a side note, we can add that one could have considered at the onset non-minimal coupling with gravity, such as via a Gauss-Bonnet term, without spoiling much in the model. On the other hand, as shown in [37] , this type of terms are sub-leading precisely in the Z 1 regime where Galileon interactions play the main role; they can therefore be discarded in this context.
In what follows we will neglect metric perturbations, this is because we will work in the decoupling limit [37] . The latter is completely analogous to what happens within the effective theory approach to inflation of [68] (see also [69] [70] [71] [72] [73] ): there the large non linearities of the pseudo-goldstone boson π win over the mixed π-metric perturbations above a certain energy regime E mix 4 . This scale E mix must be paired with the scale Λ of the underlying theory when identifying the regime of validity for the effective field theory.
Where we part ways with the approach of [68] to Galileon inflation, such as the interesting work in [38] , is on the fact that in [38, 39] a Galileon theory of fluctuations around FLRW is developed, while a well-behaved (from a renormalization perspective) background is considered as an assumption (which, in light of the results of [37] and of several previous works, it certainly seems to be quite a reasonable one).
A note of caution here: it is important to keep in mind that the decoupling limit of Eq. (2.3) is completely different from the one taken in [68] : the former has been used here to infer properties of the theory at hand in the M P l → ∞ dS limit, and parametrically extend them to the full theory. The decoupling limit of [68] is in direct correspondence to the simplifications that occur in the Z 1 regime, chief among which [37] the possibility to consistently neglect metric fluctuation, which are known to be subdominant in the corresponding effective field theory of inflation regime of [68] . In the following sections we will employ this last decoupling limit.
Non-Gaussianities
We set out to calculate non-Gaussian observables now. We are working in a regime where metric fluctuations can be neglected; the gauge choice is equivalent, to first order in slow roll, to expressing the observable ζ, comoving curvature perturbation, as ζ = − Ḣ φ 0 δφ, where φ(t, x) = φ 0 (t) + δφ(t, x). Implementing perturbations in Eq. (2.4) in the uniform curvature gauge, one obtains the quadratic, cubic and quartic action in fluctuations.
We start from the quadratic action, determine the wavefunction and normalize it ac-cording to the Bunch-Davies (B-D) vacuum prescription. The quadratic action is 5 :
The above action as well as Eq. (3.1) have been obtained in [37] (φ 0 ξ = δφ for the conversion) up to second-order in slow-roll and used to study the three-point function amplitude and profile. For later convenience, we define linear combinations of the coefficients multiplying each one of the four operators in Eq. (3.4) above as
, this according to the order in which they are written above (see Eq. 3.9). What one is after in cosmological setups is the so-called equal-time correlator ; for a generic observable O(t) then:
where the index I stands for interaction picture operators andT is the anti time-order operator. We will shortly introduce the main ingredients of the machinery that is employed in calculating higher order correlators, namely the IN-IN formalism, but already from Eq. (3.5) we can see the starting point is the fluctuations Hamiltonian in the interaction picture, H I (t).
As it is well known, up to third order in perturbations, going from the Lagrangian to the Hamiltonian density usually consists of a mere sign flip: H n = −L n ; n ≤ 3. Things are slightly more involved at higher orders [15] . Here we give directly the final expression for the quartic action and Hamiltonian without the steps in between.
where we have kept the explicit dependence on the c n coefficients. After some algebra, one finds the quartic interaction Hamiltonian density to be:
where the V n coefficients are simple functions of the c n parameters as well as the background quantitiesφ 0 , H and the scale Λ. The precise definition is given below:
with the last expressions above to be used at leading order in the slow-roll approximation. The interested reader may find a (necessarily partial, the two theories are clearly not equivalent) dictionary between the Galileon inflation fluctuations Lagrangian and the P (X, φ) one in Appendix E. The observables we intend to calculate, non-Gaussianities, are respectively the three and the four-point function for ζ in Fourier space. It is however convenient to start by giving the definition of the power spectrum for ζ. One usually isolates a momentum-conservation Dirac delta from the quantities to be handled, in the case of the two-point function: 10) it is also useful for what follows to introduce the quantity
. The bispectrum reads:
where B × i k 2 i is the bispectrum shape-function one usually plots. The bispectrum amplitude, f N L is defined in the equilateral limit as:
Moving on to the trispectrum, the amplitude t N L [25] in the regular tetrahedron limit (k
is extracted from the formula below
Here we note that we will give below (Eq. 3.15 and 3.16) the expressions for each contribution t N L , originated by the various interactions terms, to the total t N L . The trispectrum form factor T is defined in what follows:
(3.14)
Notice that, in the following, we will plot the most interesting T (i) among the leading contributions to the total T . The contact interaction (CI) contributions, which come from the fourth-order Hamiltonian, are to be found in Eqs. (6.3-6.11) of Appendix B while the scalar exchange (SE) contributions, which come from the third-order action, can be found in Eqs. (7.2-7.11) of Appendix C. The final total trispectrum of Galileon inflation is the sum of all the CI and SE contributions.
Summary on the Bispectrum
The bispectrum analysis for the theory under investigation in this paper has been performed in [37] . It suffices here to say that the shape-functions associated to the interactions terms that contribute to the three-point function peak in the equilateral configuration 6 . The equilateral profile characterizes also third order interactions in P (X, φ) [13] models as well as other inflationary mechanisms. We plot below in Fig. (1) a sample shape-function that represents a typical 7 contribution to the bispectrum. The realization that this theory produces a somewhat common bispectrum profile, naturally calls for an analysis of the four-point function. The latter is an observable which now becomes paramount in (possibly) enabling one to remove the degeneracy between the model we study here and other appealing realizations such as DBI inflation. It is to this aim that we now move to the trispectrum analysis.
The Trispectrum

Amplitudes
The contributions to the trispectrum amplitude originate from cubic and quartic interactions.
In the IN-IN formalism one uses usual Feynman diagrams to organize the different terms. Just as in standard field theory then, one has at tree-level for the 4-point function a contact interaction diagram (whose contributions come from H 4 ) and a scalar exchange diagram (the latter is fed by cubic interactions). All interactions contribute to the total trispectrum. On the other hand, it is also useful to single out and compare the different contributions to the four-point function from the various interaction terms. In particular, we give below the corresponding t N L amplitudes obtained in the regular tetrahedron limit as detailed in Eq. (3.13). The ones generated by terms populating the cubic action, the scalar exchange contributions, are:
where generically t OmOn N L stands for the scalar exchange contribution to the trispectrum amplitude which is generated by the interactions O m and O n at the two vertices of the diagram. As for the quartic action terms generating contribution to the contact interaction diagram, one has:
N L = 0.10
Note the common structure 1/(A m c n s ) in (3.15) and again in (3.16) . The formulas above are necessarily compact, explicit expressions for these quantities as functions of the c n coefficients in the initial Lagrangian can be found in Appendix D. It is clear then that by a judicious use of the freedom on the c n coefficients (which are also the basic blocks of c s ) one can span a large spectrum of values for t N L , subject to the constraints available at present [5, [42] [43] [44] . 8 An interesting feature which is evident from the results of the trispectrum amplitudes (3.15) and (3.16) is their peculiar dependence on the sound speed: some of the amplitudes scale like c −6 s or as c −8 s which is markedly different with respect to, e.g., the case of models with non-standard kinetic terms, P (X, φ), where some of the amplitudes scale at most as c −4
s (see [25, 26] ) for details). These results parallels similar findings first obtained for the bispectrum of Galileon models in [37] . A scaling like c −6 s was also found for some of the trispectrum interaction terms studied within the effective field theory approach in [70] .
Shape Analysis
From Eq. (3.14), we see that the form factor T depends on six variables. To get a flavor of these higher-order non-Gaussianities, one can plot the shape-function in different momenta configurations. This has already been done for several inflationary theories and, for the sake of a better comparison of the different signatures in the various models, we also follow suit and present our results in the same fashion as, for example, [25] .
The momenta configurations can be understood pictorially by looking at the tetrahedron in Fig. ( 2) (the momentum-conservation Dirac delta warrants a regular, closed polyhedron). More into details, below we give a precise description of the four configurations we consider in this paper, and for each configuration we plot a number of representative shape-functions associated to various contributions to the trispectrum. These account for some of the interaction terms generating both the scalar-exchange (SE) and the contact-interaction (CI) diagrams. Whenever appropriate, just for the sake of comparison, we have also included a plot of one or both of the so-called local form factors (Local1,Local2 ) [25] , which are not generated at all within our setup nor within P (X, φ) models. Also, due to the large number of plots, we include in the text only the more distinctive ones. To mention just one interesting feature, we anticipate here that one of the operators which most strikingly differs from the predictions of inflationary models with non-standard kinetic terms P (X, φ) is the one which appears in H 4 regulated by the V 8 coefficient. Intuitively, one would expect the main differences between Galileon inflation trispectra and P (X, φ) ones to be more visible at the level of the contact interaction diagram contributions. This is because the key role in determining the profile is played by the different contractions of the k vectors 9 . Generally, the more fields the contractions involve, the more chances that the profile will have a non-trivial overall k-dependence. Having one more field at one's disposal, the contractions originating from the fourth-order Hamiltonian are more likely to generate distinct form-factors than those originating from third order. Indeed, as we shall see, whenever our findings differ from the P (X, φ) ones, it is mainly because of CI-type contributions.
We plot the trispectra T n as functions of k 12 /k 1 and k 14 /k 1 in this configuration. Specifically, in Fig. (3) we plot the SE trispectra and in Fig. (4,5) the CI trispectra including for comparison, in the last two plots, the two local-model trispectra. In Fig. (3) we see that, at least qualitatively, in the equilateral configuration the SE-type shape-functions are similar to the corresponding P (X, φ) result 10 [25, 26] . One should also 9 Clearly, there is more room for such contractions in Galileon inflation than P (X, φ) as in the former model the number of derivative per scalar degree of freedom is not limited to one. 10 At leading order in the cs ≪ 1 regime, the P (X, φ) model predicts the shapes we label as O1O1, O1O3, O3O3.
keep in mind that, as clear from the figure, here the overall sign of the form-factor can change.
Next, we move on (Fig. 4, 5 ) to the various CI-generated shape-functions in the same, equilateral, configuration. In this limit the significantly different shapes in comparison with P (X, φ) are generated by terms such as e.g. the V 8 -driven interaction in Fig. (4) . The equilateral configuration plots (Fig. 4, 5 ) are indeed quite interesting: P (X, φ) models predict a simple plateau, which is what we obtain from terms such as the ones driven by the coefficients 11 V 1 , V 2 , V 3 , V 4 , V 6 and also from one local-type of trispectrum. On the other hand, this is clearly not the case for terms such as those proportional to V 5 , V 7 , V 8 , as well as the other local-type profile. These latter V n coefficients are then the most intriguing as they drive interactions which evidently have a quite different signature than any P (X, φ) realization.
It is important to keep in mind that what we have here is a k-configuration dependent signature and that one would need to probe the trispectrum in its entirety in order to be on par with what is done for the bispectrum analysis. However, what we found is nevertheless a distinct signature, and, as we shall see, we will have some further noteworthy results in the double-squeezed configuration as well.
II ) Folded limit: k 12 = 0. In this limit k 1 = k 2 and k 3 = k 4 . The trispectra are plotted as functions of k 4 /k 1 and k 14 /k 1 . In Fig. (6) we plot the scalar-exchange trispectra and in Fig. (7,8 ) the contact-interaction trispectra including, in the last plot, the so-called Local2 -type trispectra (Local1 is divergent in this limit). Just as we saw for the SE equilateral configuration profiles, from the plots in Fig. (6) one can conclude that the patterns that emerge in k-space for the folded configuration are very similar to those in the analysis of [25] for P (X, φ) models. As to the CI-generated plots in the folded configuration, we limit the graphical representations in the main text to the more illustrative cases. In this specific k arrangement, it is again hard to see any qualitative difference with the work in [25] . It is also worth mentioning here that the V 8 regulated CI term does not contribute to any of the configurations in II, III, IV and is therefore not plotted in the corresponding figures.
III ) Specialized planar limit: k 1 = k 3 = k 14 and the tetrahedron lies on a plane. One can solve for k 12 [25] , to find
. The trispectra are plotted as functions of k 2 /k 1 and k 4 /k 1 . Following the presentation pattern of the previous two configurations, in Fig.(9) we have plotted some representative operators contribution to the scalar exchange diagram, namely the couples
the specialized planar configuration. In Fig. (10,11) we plot the contact-interaction trispectra including, as usual, the two localmodel trispectra.
The same considerations we made for the folded configuration hold true for all the plots (SE as well as CI) in the specialized planar configuration. Upon a more quantitative analysis, one finds that the shape-functions are indeed analytically different from those in [25] (and from each other as well), but this fact in itself is not sufficient to claim a real significance for the difference. Indeed, in the case of qualitatively similar shape-functions a more detailed treatment, such as a shape scalar product analysis, would reveal small differences. On the other hand, for both the folded and the specialized planar configurations findings in this model we do not anticipate that the shape profiles differ from those of [25] to a sufficient degree so as to motivate such a detailed analysis.
IV ) Near the double-squeezed limit: k 3 = k 4 = k 12 and the tetrahedron is lying on a plane. In this limit k 2 [25] can be written in terms of the other variables as
where the variables k s1 and k s2 are defined as
. The scalar products can be written as k 1 ·k 4 = (k 2 14 −k 2 1 −k 2 4 )/2 and k 3 ·k 4 = (k 2 12 −k 2 3 −k 2 4 )/2. The trispectra T n are plotted as functions of k 12 /k 1 and k 14 /k 1 but are this time further divided by k 1 k 2 k 3 k 4 for enhancement in shape-comparison. In Fig. (12) we report the plots of the scalar exchange trispectra while Fig. (13,14) reproduce the plots of the contact interaction trispectra and the two local-model trispectra. Much like what we have seen in the equilateral configuration plots, we shall show below that the non-Gaussian characterization of Galileon inflation in the double-squeezed configuration pays off in that it allows one to distinguish between the Galileon model predictions and those of P (X, φ) models.
V1
V3
V7 V8 Figure 4 . Some of the different CI trispectra shapes in the equilateral limit as functions of k 12 /k 1 and k 14 /k 1 . The label V i at the bottom of each graph signifies that the contribution plotted is originating from the CI terms proportional to the coefficients V i . More in Fig.(5) .
V5 Local 1
Local 2 Figure 5 . Other CI trispectra shapes in the equilateral limit as functions of k 12 /k 1 and k 14 /k 1 . The last two plots are the local trispectra shapes.
It is perhaps timely at this stage to remind the reader of an interesting fact concerning the double-squeezed configurations plots in the P (X, φ) case: one could say that, for these models, the double-squeezed configuration is actually "aware" of what sort of contribution, cubic or quartic, is sourcing any given shape-function. This is because in the (k 14 = 1, k 12 → 0) (see e.g. Fig. 12 ) limit the shape-function is finite but non-zero for each SE-type contribution V1 V3 Figure 7 . Some of the different CI trispectra shapes in the folded limit as functions of k 4 /k 1 and k 14 /k 1 .
V7 V5 Local2
Figure 8. More trispectra shapes in the folded limit as functions of k 4 /k 1 and k 14 /k 1 . The last plot is one of the local trispectra shapes. T Local 1 (not plotted) blows up in this limit and V 8 is always zero.
O1O1
O3O3
O1O3 O2O4 Figure 9 . The different SE trispectra shapes in the specialized planar limit as functions of k 2 /k 1 and Figure 10 . Some of the different CI trispectra shapes in the specialized planar limit as functions of
while it is always finite and precisely zero in the CI case. One can imagine that, if it were somehow possible to probe observationally such a configuration, the degeneracy between third and fourth order interactions contribution to the trispectrum could in principle be removed. As we will see, this is not the case for Galileon inflation.
A quick look at Fig. (13) reveals how terms such as those CI-type interactions driven by the coefficient V 3 , V 7 do indeed have a well-defined and, most importantly, non-zero k 12 → 0 limit. This fact then reinstates in Galileon inflation the degeneracy which was lifted in [25] for P (X, φ) models. This latter characterization adds to the number of distinct features which the setup under scrutiny here does not share with the results of [15, 18, 25, 26] .
V5 Local1
Local2 Figure 11 . More of the different CI trispectra shapes in the specialized planar limit as functions of k 2 /k 1 and k 4 /k 1 . The last two plots are the local trispectra shapes. T Local 1 blows up in the limit k 2 → k 4 and the V 8 -shape is always zero.
O1O1 O3O3
O1O3 O2O4 Figure 12 . Plotted are the different SE trispectra shapes divided by k 1 k 2 k 3 k 4 in the double-squeezed limit as functions of k 12 /k 1 and k 14 /k 1 .
V1
V3 V7 Figure 13 . The different CI trispectra shapes divided by k 1 k 2 k 3 k 4 in the double-squeezed limit as functions of k 12 /k 1 and k 14 /k 1 .
Local1
Local2 Figure 14 . For completeness, we plot here the local trispectra shapes in the double-squeezed limit.
In interpreting the significance of the various shape-functions one must exert some care in that we must not naively treat all the different interactions as necessarily independent. The bispectrum analysis for example reveals that, of the four initial cubic interactions, one can be field-redefined away [37] and one more would give (we verified this explicitly) a bispectrum contribution which is analytically identical to a specific linear combination of the contributions from the two remaining interactions (see the comments after Eq. 5.4). We have excluded a number of cubic and quartic interactions terms from the trispectrum plots above because they generate shapes which are, at least qualitatively, indistinguishable from some of those we do plot. It is quite possible that, in doing so, we have restricted the remaining plotted shape-functions to be indeed all independent. It is possible, although very lengthy, to perform a complete "orthonormalization" of the interactions which contribute to the trispectrum. The difficulty lies in the fact that the c n coefficients in the interaction terms appear not just in linear combinations, but in quadratic and cubic powers. There is however a simple way to see that the shapes we plotted are indeed easily (i.e. without fine tuning) generated in Galileon inflation and therefore their signatures represent a clear cut characterization of this inflationary model.
The fact that several interaction terms share a specific profile pattern, such as e.g. V 5 , V 7 , ... in the k 12 → 0 limit in the double-squeezed configuration, suggests that one may, easily and without fine tuning, arrange for such a shape or, in other words, identify a basis for the various interactions in such a way that one of the basis vector does posses such a behaviour. So far we have been discussing the analytical equivalence between shapes. Although it is always possible to pin down analytically the differences among the various shape-functions, it is not realistic to use such an approach when dealing with actual observables. In this respect, it is quite instructive to look at what happens with the bispectrum. There is indeed a degree to which shape-functions are to be considered hardly distinguishable, when theircross correlation is sufficiently high for a particular set of data 12 . We have been careful to stress here as distinctively different from each other only those shape-functions which, already at the qualitative level, clearly show a distinguishing profile.
Conclusions
This paper represents an attempt to navigate part of the landscape of inflationary models guided by observational as well as more formal criteria. The very recent success of the Planck mission has provided us with an improved sensitivity over non-Gaussian observables [5] ; chief among them, the quantity f N L has been markedly constrained in three of its possible realizations, local, equilateral, orthogonal, and interesting tight constraints have been also put on some other specific non-standard inflationary models. We have detailed here our results on the study on the model of Galileon inflation, an inflationary mechanism that, for a large region of its parameters space, is easily compatible with Planck results, as far as the power spectrum and the bispectrum of curvature perturbations are concerned.
As soon as any model fits within the available observational bounds, it becomes crucial to characterize its properties so as to distinguish it from other realizations. This investigation in our case has been manifold. First we reported on the stability properties which, from a quantum field theory perspective, describe the Galileon inflation model [37] . We stressed second order equations of motion and non-renormalization properties that guarantee we are dealing with a predictive model.
We then went on to detail on the study of non-Gaussianities. The bispectrum analysis has already been performed [37] and, as it turns out, the shape-function typically peaks in the equilateral limit, just as it does for an array of inflationary models in the literature.
It was therefore essential for the model characterization to go further in perturbation theory and tackle the trispectrum of curvature fluctuations. Doing so pays off in terms of distinguishing this model from other well studied classes of inflationary theories such as P (X, φ). Since the trispectrum momentum-dependence has too many variables to be plotted simultaneously, we opted for plots in a number of different momenta configurations which proves handy for comparison with other studies. In two of these configurations, equilateral and double-squeezed, several of the Galileon inflation interactions that contribute to the trispectrum generate a shape function which is strikingly different from its P (X, φ) counterpart. More specifically, for the most interesting interaction terms, the equilateral configuration shape-function is strongly different w.r.t. P (X, φ) models: it peaks where the P (X, φ) counterpart would have either local minima or a plateau. For the double-squeezed configuration one finds that often both the scalar-exchange and contact-interactions contributions are characterized by a profile that does not vanish in the k 12 → 0 limit. This is in clear contradistinction with what happens in P (X, φ) models for which there exists a clear cut third-vs-fourth order behaviour in that limit.
Having verified that the characterization of Galilean inflation through non-Gaussian observables enables one to identify distinct features which clearly distinguish this model from an entire class of inflationary theories, one should of course point to possible future sources of data that could actually enable such a comparison. Although the results to date of the Planck mission data analysis have been already implemented in the quest for determining the essential features of the most compelling inflationary model, more data is expected and the inclusion of polarization is bound to improve further the constraints on non-Gaussian observables. Further input on (primordial and otherwise) non-Gaussian characterizations of inflationary models is expected to originate from Large Scale Structure sources (see, e.g., [79, 80] ) and possibly from future CMB polarization experiments (see, e.g., [81] , [82] and [83] ) Another important probe might well be 21cm cosmology [84] [85] [86] [87] .
Within the realm of what one might call the Galilean approach to inflation, one should certainly count the work presented here, and, naturally, Ref. [37] (see also [88] ) where the basis of the model were laid. This model represents a full theory endowed with an inflating background solution and whose stability rests on very firm ground. On the other hand, the appealing properties of Galileon theories have been employed also in a related setup in [38, 39] where the fluctuations of an inflating solution around an FLRW background have been equipped with Galilean symmetry. The control over the full theory is slightly relaxed in this latter case (background behaviour is assumed), more in the spirit of the pioneering work in [68] . The predictions in terms of non-Gaussian observables are not dissimilar within these two approaches. However, specific interaction terms behaviour presented here (e.g. what we call here the V 8 -driven interaction) has no corresponding interaction in the related approach [39] and might well provide a sufficiently distinguishing feature.
Having the predictions for both bispectrum and trispectrum at our disposal, one might well ask if, within the parameters space of the model (and in agreement with observations), there is room for a small-bispectrum vs large-trispectrum region in the parameter space of the model. As it turns out, this region does indeed exist and we refer the interested reader to an upcoming work of ours [89] for a detailed analysis. We stress already here that, because of the celebrated non-renormalization properties of Galileon inflation, whatever initial region we select in the parameter space, from there one can proceed safe in the knowledge that the dynamics will not evolve very far upon renormalization and therefore the initial choice will be, in this sense, stable.
Appendix A. The leading order bispectrum
The result of [37] for the leading order (i.e.φ ∼Ḣ ∼ 0) bispectrum is
where
One then defines the shapes in the usual way as:
It is a well-known fact that these three shapes are highly correlated with the equilateral template. Also one can show that Shape 3 = 6 Shape 1 + Shape 2 .
Appendix B. Contact interaction trispectra
For the computation of the trispectrum diagrams, we use the leading-order in slow-roll mode function solution for δφ
where the normalization factor is N ≡ H/(2 Ac 3 s ).
We expand δφ(τ,
where H I = d 3 xH I is given at fourth order by (3.7). Then for each of the individual terms in (3.7) we obtain
+ 23 perms., (6.5) Table 1 . Rules to decide which F i to use when writing the contribution of a certain diagram according to the diagrammatic rules of [27] . For example, if the lhs vertex of the diagram is the vertex proportional to O 3 and the rhs vertex is the vertex proportional to O 4 then the functions to use is F 14 .
perms., (6.8)
Note that not all the CI contributions to the trispectrum are independent, indeed, after some manipulations one finds:
(6.11)
7 Appendix C. Scalar exchange trispectra
For the SE trispectrum contribution, one employs the following:
I (t) |0 .
The different trispecta coming from the different vertices can be written as (using the diagrammatic approach rules described in [27] and Table 1 )
2) 11) where the last three equations are the ones that appear in the P (X, φ) model and k 12 = |k 12 | = |k 1 + k 2 |. Similarly we define k ab as k ab = |k ab | = |k a + k b |, where k a and k b represent any of the four momentum vectors k 1 , k 2 , k 3 and k 4 . Momentum conservation implies k 12 = k 34 , k 13 = k 24 and k 14 = k 23 .
Using the modified mode function U (τ, k) defined as 13
13 If the sign of the argument k is positive then U is equal to the mode function, if the sign is negative then U is equal to the complex conjugate of the mode function.
we define 16
14)
16)
20)
) , (7.24)
where A is defined by the sum of the last three arguments of the F i functions as A = k 4 + k 5 + k 6 and C is defined by the sum of all the arguments as
When plotting the previous expressions for the F P F SE terms in the equilateral configuration one may find divergences. This is because in this configuration C = 0 and in the previous expressions C appears in the denominator. However, these divergences are spurious and they can be shown to disappear if one includes all the permutations as one should. In fact, one can use the following combinations of terms to write the previous results for the F P F SE in a way that is obviously finite in the equilateral limit
29)
30)
31)
32)
33)
34)
35)
36)
38) k ab + k a + 4k b k ab + k c + 4k d , More precisely we have The action for Galilean inflation fluctuations contains all the leading-order vertices of the P (X, φ) model, which implies that one can use our results to reproduce the results of [25, 26] . This can be simply achieved by using the following expressions for the coupling constants where the subscript ,X denotes derivative with respect to X andc s is defined as usual for the P (X, φ) lagrangian asc 2 s ≡ P ,X /(P ,X + 2XP ,XX ) = c 2 s .
